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DESCMPnON 

Phase/gain imbalance estimatLoa or con^nsation 

Hie present invoation lelates to a receiver for estinmtion or cocopensation of pbase unbalance 
or gain imbalance and meliiods whidi can be applied in a receiver for estimation or 
5 compensation of pihase imbalance or gain imbalance. A transmission tedudque usedin tbe 
receive is based on a QPSK (quadrature phase shift keying) modulation and a modulation 
scheme based on con^tex scranabling code. 

The Universal MoMe Telecommunications Sfy stem or UMTS is one of the maj or new *tbixd 
10 generation' (3G) mobile conoununications systraos being developed within the framewodc 
defined by the ITU (hiteniational Telecommunication Union) and known as IMr'2000. 

Methods for estimation or compensation of phase imbalance or gain imbalance typically lely 
on refermce signal generation, adaptive interference cancellation, blind source separation or a 

15 least square qjproach in the Fourier domaiiL Such methods are known, e.g. fix)m 'T>igital I/Q 
imbalance coix¥)ensation in a bw-if receiver^'. Jack P. Glas (Bell Labs)-1998-IEEB, 
*Tniproving QPSK Demodulator Performance for Quadrature Receiver with Information fix)m 
Amphtude and Phase Imbalance Correction", Hung Ngyen (The Aerospace Corp.)-200C)- 
IHRP^ '"Blind Source Separation Based 1/Q imbalance compensation", Valkama, Renfors, 

20 K(nvunea-2000-IEEE, ^'Advanced methods for I/Q imbalance compensation in 

Communicaticm RecexvecsT', M.Va]kama, MJEtenfix)s, VJCcnvuni^I^B transactions on 
signal processing- Vol. 49, no. 10, Oct 2001, 

WO 0150616 discloses a receiver for correcting the phase error in a received signal 
25 However, this receiver does not provide an efiBdent estimation or conop^isation of phase 
imbalance or g^ irxibalanoe in tiie leceive^ 
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It is an object of the present invmtion to provide an dB&dent estimation or con[^nsation of the 
phase iinbalanoe or the gdn imbalance. 

According to an exenqslaty emboduBent of flie preseat invention, tins object is solved wifli a 
5 receiver for estimation or conopensation of phase imbalance or ^in imbalance utilizing a 
QPSK modulation sdieme and a modulation sdieme based on coi3q)lex scrambling code, the 
^^mojnlatnr oninpriging means far estimating flie phase imbalance or gain imbalance befiare 
syndironisatiort ... 

10 Such a receiver according to an exemplary embodimmt of the present iuvention as set forfh in 
claim 1, allows tiie estin^tion or compensation of phase imbalance or gain imbalance flmt can 
affect the overall performance of flie lecdver, at an eady stage, ie. before synchroxusation, by 
e«g« exploiting flie properties of the complex scrambHug code. Thus, phase inibalances or 
an^litude imbalances will not be able to introduce losses in the furflier phases of flie 

15 connection. Furfliacmore, if flie bandwidfli inside which time vadalions in flie imbalances occur 
is lower than flie transmission bandwidfli, the demodulator is also able to track these time 
variations. .... 

The phase/gain imbalance estintiation and conq)ensation according to the present invention is 
20 e.g, tailored to flie UMTS modulation scheme, Le, inay exploit the special properties of flie 
UMTS modulation scheme for estimation and coiiq)ensation of imperfections like phase-^in 
imbalances in the RF receiver or demodulator in an eariy stage of the receiver. 

According to another exemplary embodunent of flie pressot invention as set forth in daim 2, 1 
25 and Q conopcxorats of the received agnal signal affiscted by phase imbalance or gain imbalance 
after draiodulation are determined A ratio between across conelation of flie I and Q 
components (<IQ>) and flie rnean value of the square of the I coiiqjo 
between a cross correlation of the I and Q coiiq>onents and a square root of the product 
betwem the mean value of the square of flie I compoorat and flie mean value of the square of 
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the Q con5)onent ((<FxQ^) ) or aralio between the mean value of the square of the Q 
conq)on^t,(<C^>) and the mean value of file sgua^ aie 
detenmned 

5 According to yet another eii&wplsay embodiment of the present invention as set forth in claim 

3, alow pass for low pass filtering the signals are being inq)lemented. By doing so, enx)rs in 
the estimation of phase imbalance or gain imbalance can veiy efiBdratiy be reduced, while 
computing mean values. 

10 According to yet another exmiplary embodiment of the present invention as set forth in claim 

4, the receiver comprises means for conqpensating the phase imbalance or gain imbalance 
before synchronisation. 

According to anothor exen^laty embodinfient as set f orfh in claim 5 , the lecdver is a 
15 WC3DMA (UMTS) lecdver (Wide Band CJode Division Multiple Access receiver). Thus, as 
a basic principle exploited in the WCDMA (UMTS) recdver, flie channel is frequency 
selective with respect to the transmission bandwidth allowing for a veiy accumte estimation of 
the phase/gain imbalance before synchronisation. 

20 According to anotiier exemplary ^iibodiment as set forth in claim 6, the estinoation of tiie 
• phase imbalance oor^g^ 

According to yet anotiier exemplaty embodiment as set forth in claim 7, a method for 
estimation or conq)ensation of phase imbalance or gain imbalance in a receiver is provided, 
25 which may advanta^usly exploit the properties of tiie compisK sa:ambling code and ctf the 
overall UMTS modulation sdieme in fiie eady sta^ of tiie receiver by estimating tiie phase 
imbalance or gain imbalance before synchronisation. 
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AocQrding to an exeii^lary anbodinient of the present invention as set forth in claim 8, a vety 
sanq>le method is provided, requiring only minimized coooputalion power, and wludbt may 
advantageousily allow an ileraiive solution foredimating compensating botti phase and gain. 

5 AcconJing to yet another exen5)lary embodiment of the present invention as set forth in claim 
9, a feed-forward scheme or a feed-back scheme is estabUshed 

Accoiding to another exenc^lary embodiment as set fio^ 

phase imbalance or gain imbalance is earned out iterativdy providing for a very eBfident 
10 cornpensation/estimation. 

According to the present invention, there is also provided a con^uter program for estimation 
or cort^nsation pn^gft imhalano R nr g^n imbalanc e as set forth in daim 11. 

15 It may be seen as a gist of the present invention that ftie phase imbalance or gain imbalance is 
estimated or compensated before symbol synchronisatiorL Thus the phase imbalance and gain 
imbalance wiU not be able to introduce losses in the further phases of the connection; also the 
method is able to trade teoaporal drifts in phase and in gain if the bandwidtti inside which these 
phenomena occur is lower than the transmission bandwidfti. The advantage of this method is, 

20 that it can be used both, for phase imbalance estimation and compensation and gain imbalance 
estiuMttion and condensation in the case that there is a 



These and other aspects of the piesrat invention will be apparent fix)m and elucidated with 
refei^noe to the ernbodinoents described herrin^^ These embodiments will be described 
25 wilhrefeiiraoe to tihe following Hgures: 



Fig. 1 shows a feed-forward scheme for phase imbalance estimiation and condensation 
according to an aspect of the present invention. 
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Fig. 2 shows a feed-back sdieme for phase imbalance estimation and/or conrpensatioa 
accciding to an aspect of the present invention* 

Fig- 3 shows a feed-back schenoe for gsin compensation according to an aspect of flie present 
5 invention. 

Fig- 4 shows schematically prefisned plication points for the method according to the 
piesmt invention. 

1 0 Fig. 5 shows simulation results for difBerent filter lengflis and a velodty of 3 km/h. 
Kg. 6 shows anudation results fior difiBeirat filter lengths and a velodty of 120 km/h. 
Fig. 7 diows Emulation results fior diffei?^ filla: Iragflis and a vdodly of 250 km/h. 

15 

Fig. 8 shows the effect of the phase imbalance on the BER. 

Fig. 9 shows simulation results for the square root error for 5 degrees initial phase eoTar vs. 
low pass inl^iration length. 

20 

Fig. 10 shows an estimation for a time varj^ 

Hg. 11 shows an estimated idiase in accordance Willi an 
metiiod according to the xxiesent invention. 

25 

Rg. 12 shows a gain em>r in accordance wifti an iterative implena^^ 
according to the present invention. 
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Ih Ihe followng desoiplion of the above Rgures, the same lefermce numbers are used for the 
same or conesponding elements. 

Figure 1 shows a device with a feed-forward scheme for phase imbalance estimation and 
5 conqjensation according to an aspect of the presait invention. As will be shown below, the 
demodulation method according to wMch the device of Hg. 1 is 0^^ 
that the coneLation matdx of the transmitted components, (i,q) is diagonal As consequence, if 
I and Q are the in-phase and quadrature componrats of the tecdvedsign^ iand 
Q = k • (-i-sin<p + q-coscp) as shown in equations (1)), the correlation between I and Q, even 
10 aft^ propagation through the fading multipafh scenario, comprises only a term due to phase 
imbalance. This is due to the property of the QPSK modulation scheme andthe con^lex 
scrambling code. Ibis is shown ia more detail in the following with respect to atheUMTS 
system: 

15 The waveform transmitted in accordance with UMTS 

The UMTS transmission scheme ia the downUnk is based on a: 

• QPSK modulation 

• Coxnplsx scrambling code 

20 The QPSK modulation scheme basically maps each two chips to be transmitted to a symbol 
of a quatemaiy constellatioit QPSK symbols can be tough as complex numbers, and the 
s^lication of the complex scrambling code to the QPSK symbols represented in terms of 
multiplication between corrqplex numbers. In otiber words, to scramble the symbol (at the 
instant n) s(n>=(sl(n),s2(n)), ttie symbol for the scrambling code element c(n)=(cl(n),c2(n)) 

25 has to be niult^lied in accordance with the following rule: 



5 • c = ( j1(/i) • cl(n) - slQi) • c2(w), sl(n) • c2(«) + s2(^n) • cl(n)) 



(1) 
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The two sequences coiiq>08mg flie corapkx scxainblkig code, Le. the sl(n) and ^n) aie 
sdected m a femHy of GoU codes and have flK Mlowing ptt^^ 

sl(n) * slin + m) = 0, m ^ 0 ^2) 
^ slin) * s2in + m) = 0, Vm 

wheis * isfecs to llie cotidaliQn operation. 

It is in^ortant to note that above equations (2) hold true in first ^?proximation» and fliat the 
10 coridation interval can be extended to the fuElengfli of the code, but also to sub-m 

liuteed, if flie con^onents i and q of flie transmitted agoal givrai from the equation (1) are 
considered, flie following equations (3) can be derived: 

iin) = sl(n) • cl(n) - s2in) - c2(n) 
15 q(n) = sl(n) ■ c2(n) + s2(n) ■ cl(«) (3) 
iin)*qin)=<i(n)q(,n + m)>=0 

These idationdiqs hoM true for flie niaximal lengto of the Gold seq^^ 
intervals induded if the inchided intemds are sdected to have sufiBd^ 
' " thelJMIS,forfebanavwaffi^^ 
20 can be extencted to about 256 chqps, ie. the duration of a pilot symbol. 

ThP. m-phase and ft ^ g n ffHrt^tnm components o f ihe received signal are unconelated 

In flie foDovwng, it is shovm fliat after propagatiOT tt^^ 

there is no 0ase inflwlanoe, flie inri*ase and the quadrature coii5)one^ 

25 agnalaresdllunconelatBd. 
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At this point; ie. before decoding, the sLgnal is a mixtute of voice, date and control 
iiifonnalioa The signd at file lecei^ 



5 



where the channel attenuation, delay and phase rotation is considered for each path ha what 
foUows, I and Q are Ihein-phase and quadrature comj^^ andQi 



rq)]ica of the in-phase and quadrature components of the transmitted signals i(t) and q(t), due 
10 tothepathl X, islhedday of Ihetransrnissionpath 

The I and Q componoits of nCt) can be expressed: 

li = S&(t-'^)-cos(cpi) + qi(t-Ti)-sin(<Pi)] 
15 Qi = gi[i(t-Xi)<-sin(<Pi)) + q4(t-Ti)'COs(9i)] 

fiom which it follows for the elmients of the aato cotcelation matdx : 

<Ii»> = <g2> . <cos(<Pi)^ + <aS> • <qi2> <an(9i)^ - 
20 2<Qh> • <iiqi> <sin(<Pi)cos(q)i)> 

<Qr^> = <g^<**> <m(ip{f> + <gV • <q^> <cos(9i)^ - 
2<s^ • <iqp> <sin(9i)cos(cpi)> 




25 <1-Qi> = <g^ • <-an((pi) cos(90> + • <qi^> •<sin(9i) cos(q)i)> - 
<g^ • <iiqji> <sm(9i)^ - <g^ • <iiq^> <cos(<Pi)^ 
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It has to !» noted that = <qi^ = P/2 holds true for each I, wifliP bang Ihe transmitted 
power for each symbol 

Also, <i'q^> = 0 holds true for the orthogonal property of tihe in-phase and quadialure 
5 cQnq[)QD!^sts of Has transmitted signal . 

Also, the terms 8, representing fliBdiannelatteiaati<m for eadipafcidepo^ 
However, Husk depraidence is slow wifli respect to the pedod onto which the mean opoations 
ate extended, and it can be assumed fliat fliey are uncondated with the terr^Ksral variations in 
10 the transmitted signal As consequence, flie channel temis in the mean operations can be 
separated and writtrai as follows: 

<8'>=8^(t) 

15 The same separation is performed for sin(q)0 and cos((pi) giving the phase infiamaation for each 
path. 

It follows that 

20 <^^> = <Qi^ = a 

ie. the recdved power is determined by tiie transmitted power and the channel ^in. 

Rdihennore, it follows tihat 

25 

<li-Qi> = 0 

ie. the signal received <m one pafli has in-phase an quadrature conq)onents feat are 
caHoog/oosL 
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Assuming a nomialized power (per bit) daamg transmission (ie. P/2;=l), a consideratioii of die 
conslatiGn between inrpbase and quadiabxDB con^ 
following matrix: 

5 



where: 



10 g\t)=j;^^g,\o 

The conelation between the temis due to different paths 

In the following, the coxrelations between the terms due to different paths are consiikred. 

15 The cross correlation between elements of diffeacent paths can be written as foUows: 

<li-^> = <g-g> • <i,^> <cos(9i) cos(<Pj)> + <ss> • <qiqj> <aai((pi) sin(<Pj> - 
<&a> • <iiqjXsin(<Pj) cos(9i)> + <gs> • <qii5Xcos(9i) sin(9j)> 

20 <Ii- Qj> = <ga> • <^jif> <-an(q)i) cos(q)j)> + <sa> • <qiqj> <ffln(9i) cos(<pj> - 
<S •§> * <ii-qj><ffln(<Pi) s3n(q>j> + <a'8> * <qi-sxcos(q)i) • cos(9j> 



25 



where, in the teniparal rneao, flie tenns due to the dm^ and <pi, and tibe statistical 
opearations involving these tenns have been sq>aiated. Similar ejqnessions can be dedved for 
<QiQi> and <Qj-]>. 
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Since: 

<i.^> = <qj-qj> = <qi-^> = 0 
5 fir i^j,aU these t^masaiezen) both iafliesbQittmn^ 
Tleiefore it can be coiiduded Aat flje caird^ 

the leoeiver is diagonaL Rtrtbemiore, elements on the principal diagonal dqpood on the time 
varying channel. However, it can be derived fi»m equati^on (7) stated below, and fiXMn the fact 
10 tiiat the channel is varying slowly with respect to the ten^oral extensions on which fbs 
tanpotal means for computing fihe conelations are taken, that fliis dependency does not 
influoace the edimadon of flie gain^phase imbalance, since it is present at both. Use numerator 
and at flie dm(miinalor of the final esqniession for an(q>). 

15 As diown in Hg. 1, in a feed-forward scheme for phase imbalance estin^ 

compensation according to an aspect of flie present invention, an iacoming con^lex signal r(t) 
is reodved at a receiver station not shown in Rg. 1 and is further processed such lixat the 
con5>lex signal r(t) is provided to input connections 1 and 2 of the receiver or demodulator 3. 
After fihat, the complex: signal r(t) is demodulated. Between tihe input connections 1 and 2, tiie 
20 signal A cos(cot)rqMBSOTts the wavefonniised in the lecdver to danodu^ 
" ~ si^aL Signal I On line 4 and ^gMfQ^onlne 5 sro'caned'^'l and Q'compbneffls of 'the 
demodulated con^^lex signal r(t) in fee following Ihe I signal or conoponait is the "in-phase" 
CGoponent of the signal i(t) and the Q signal or canoponent is the quadrature conqwnent 

25 The I and Q components afifecledty phase imbalance or gain imbalance an^ 

lines 6 and 7, wM<* arc coraiected to lines 4 and 5. The I and Q cooqKments are fed into 

means 8 for taking flie axws conelation of I and Q, such as a multipKer. Additi^onally, the I 
component is fisd iniD means 9 &r taking tiie quadrature of I, such as a mnltq>her wMch 

nailt5)liesIwifeLAtoftat,thejBSultiiigagDJ^ 13 by 
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lines 10, 11, lespectively. For estimation of tlie phase imbalance, a latio between the cross 
corteladon of I and Q and the mean value of the squaie of lis ^neratedby means f(xr 
g^ieraling a ratio 14, such as a divider, and consecutively passed tiiroiigh low pass filto: 15 . 
After that, tiieiesultmg signal is provided to a phase/gain com^^ 17 viaaline 16, The 
5 phase/gain compensator 17 cono^ensates the phase imbalance or tiie gain imbalance of the I 
and Q components. Thereupon, the estimated and compensated I and Q contponents i and 
qc, are taken by lines 18 and 19, respectively, to be fed into means for syndm)nisation 20, 
such as aUNfrS synchroiuzer. Afiier s^ 

processing, e.g., in reference to flie standard atchitectuie for the UMTS receiver, it can be fed 
10 into the rake receiver to exploit time diversity and then to the channel decoder to 
conect/reveal residual errors. 

Reference dbaracter 21 d^ignates a multipUer or squaring 

output of the multiplier 21 is connected to a low pass 22. An output of the low pass 22 is 
. 15 connected to another divide 23. The divider 23 receives the output signals from the low pass 
13 and the low pass 22 and outputs a ratio of the two input signals. The output of the divider 
23 is connected to another low pass 24, which, in tum is cormected to the phase/gain 
compensator 17. 

20 The operating principle of the lecdver of Fig, 1 and a method for operating the receiver of 
Fig. 1 according to an exemplary ernbodiment of the preset invention wiUte 



Phasft imbfllanoe estimation 
25 The method for phase imbalance estunation accordmg to an exCTOpIaiy mibodiment is based 
on the observation that after the demodulate, the I and Q coroponents affected by inoLbalance 
can be written as function of the i and q conq>onents without imbalance as shown in equation 



followii]|g. 



(4): 
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Q = k-(-i-an<p + q-cosq)) (4) 

Equations (4) hold true if flie phase of flie I-bianch of the denuxhilator is tdigned wifih flie 
5 phase of ttieicon^noit of fi]e received sigoal 

(i,q) is assumed to be flie transmtted signal fOT 
efifects due to the pK)pagati<m Ihiou^ flie muWrpa^ 

soambling code properties and fixrai tiie modulation sdieme adopted flie following equations 
10 (5) can be inferred. 

<iq>= <qi> = 0 

<ii> = <q-q> = P/2 (5) 

15 Thus flie correlation matrix of (i,q) is diagond as akeady described above and flie terms on 
the principal diagorial dqjerid from tiie trarisrnission power. 

Rcom (4) and (5) itcanbe wdtteo: 



20 <I«Q> = -k<P>sin<p 



<I Q> is flie ou^ signal of flie low pass 12 and is flie ou^t agnal of flie low pass 13. 
Bofli signals are iiiqput to flie means for generating a ratio 14. 

25 

As shown above, it can be infened fliat 



aoup = -<I-Q> / <P> 



(7) 




>E020297EP-F 



-14- 



whece <I- Q> is defined as cross conelation of I and Q, <E> as quadrature of I, and <Q2> as 
quadrature or square of Q. 

When propagating through the multi-fading environment, the ideal QPSK (quadrature phase 
5 shift keying) constellation at the transmitter is rotated/att^uated/delayed for each path. This 
has an influence on the cross correlation properties of (i,q) before the receivi^. RtrOiermcxne, 
the signal becomes intrinsically not stationary and the statistics of the (i^q) sanq>les get more 
complicated by-thefact that tiiere can be correlations between delayed versions of the safne 
signal. It has been shown above that these effects have no influence and the residual presence 
10 in the cross correlation in the received components (h qr) is only due to the phase imbalance. 

For couoQ)ensalion of flie phase imbalance, the resulting signal is put into phase/gain 



compensator 17, which applies the following equations: 



15 ic = I 



qc = (Q + I-sin(p) / coscp 



(8) 



where: 



20 coscp =((</^ >^ -<I Q>^)I<P 



(9) 



je and qp are the output signals of the phase/gain compmsator 17 cm the lines 18 and 19. 



25 



GaiQ imbalance estimation in ttie preseace of idiase imbalance 

In the following the method is extended to the case in which fliere is also an amplitude 

mianatcfa besides the phase imbalance. 
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Jb. case ibsus is also an amcplitude nrismalcb, flie above equations can be vmOexi as follows: 
I = g(t)Cki-0 

Q = g(t)(fe<-isinq) + q-cosq)) 

5 

<I,Q> = ki • ki • <g(t)*> <q^sin(q>) 

<IQ>=-k,k2<8itf><i^>M^) = -K'k2<8(fy><^>^^^ 
<Q. Q> = . <g(t)2> (<?>cos(<p)^ + <q2>sm(<p)^ )= ka • <q2> 
10 <!• I> = ki^ • <g(t)2> <?> 

Bx»n tiiese equations it follows: 

<I,Q> / (<^><Q^)^ = -sm(q)) 
15 <Q^/<f> = ki^/ki^ (10) 

Where the ratio <<^*> / <1?> is flie ou^ut signal of the divider 23. After a low pass filtodng by 
means of low pass 23, the ratio<Q^ / <^> is provided to Ihe phase/gain c<Miq>ensator 17. 

20 Note that the tenrpoial coefl&dait g(t) representing the amplitude of the channel dqp^daKe 
aa tiwip. can be siiopiified, because it appeals bofli in flie numearator and in flie dmdminator of 
equation (10). wludi can be considered a generalisation of equation (7). The phase factors are 
i^noved also, because Haey M^OCdd anyway disap^ar iii the itijdo-cQcidlsiiion matrix. 

25 Feed-back scheme for p hnsp. im balance 

Kg. 2 shows a feed-back phase imbalance estimation and compensation device according to 
an aspect of 4ib present invention. As ^wn in Bg. 2, an incoming complex s i gnal r(t) is 
recdved at a leodlver station iiot shown in 2 and is further processed su(^ 
conq^kx signal r(t) is provided to irqputcoimectioiis 1 and 2 of flie demodulator 3. After ttiat, 
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the CQcq)lex signal r(t) is demodulated Between fhe input connections 1 and 2, A-cos(Q)t) 
represents tiie wavefoim used in llic receiver to denoodulate the incoming signal 

The I componait on line 4 and Ihe Q component on line 5 of the demodulated conaplex signal 
5 r(t), which, are aSected by phase imbalance or gain imbalance, are put Ihtougji phase/gain 
con^nsator 17 and afterwards provided to lines 18 and 19. The output signals of the 
phase/gain con^nsalor 17 are designated with io and qc. The ic and qc agnals are fed into 
means 8 for taking the cross correlation of the I and Q components, such as a multq)lier by 
means of lines 6 and 7. Additionally, the i signal is fed into means 9 for taking the quadrature 
10 or square of the I component, such as a multiplier which multiplies the ic with itself. After that, 
the resultmg signals are provided to low pass fOiters 12, 13 via lines 10, 11, respectively. 

For estimation of the phase imbalance, a ratio between the cross correlation of I and Q and 
the quadrature of I is generated by means for generating a ratio 14, such as a divider. After 

15 that, the resulting signal is integrated by means of an integrator 25 provided to line 16 and fed 
back into fhe phase/gain compensator 17 located between lines 4, 5 and 18, 19, for 
conopensadn^estimating the phase imbalance or the gain imbalance of the I and Q 
components. Thereupon, the estimated and compensated I and Q conoponents ic and qc, 
respectively, are fed bade to lines 18, 19 to be fed into noueans for synchronisation 20 sudh as 

20 a UMTS synchronizer. 

In the following, an exei2q)laiy embodirmoat of a method of the present invention for operating 
the'deviceof I^*2andit5operatingprinc9kwffl ^ ' .... . 

25 In the feed-back phase iinbalance estimation and con^nsation device according to the 

present invention and flie method for operating the feed-back phase imbalance estimation and 
con[^)ensation device according to tiie present invoition, the con[q)aisated output of the 
phase/j^dn conoqpensator 17 feeds the irnbalanceestimatioii. Some smq^lifications have been 
introduced in the formulas fer the comp^ation and for the phase estimation. This is possible 
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because iq the next iteration in the loqp the phase enxjr gets smaller and the approximation of 
the sinus wilhflievatoe of the angje and tihe cosines with 1 is appK^date. The princ^de of ttie 
method \vill be desmbed and explained in ttie following: 

5 The following equation can be used for the estimation of the phase 9 : 

<p = -<IQ>/<I^ (11) 

The phase compensation carried out in the phase/gain compensatOT 17 can be described with 
10 the following equation: 

ic = I (12) 
qc=(Q + I-9) (1^) 

15 A further simplification which can be introduced for the phase corqpCTsation feedback method 
is to use the following expression for the phase: 

<p = -k*<I-Q> (un-nocmalized expression for the error) 

where k is a constant This is possible because this term is equal to zero when the phase 
20 imbalance is zero. Hence, Ihis the signal rqpre^ 

the feedback scheme- ' 



According to an aq?ect of tt^e present inventioui a mote efificientwa^ to implemej atflie 
feedback scheme is via an iterative procedure. According to flhis aspect, Ihe low pass filters 
25 and the int^ralnMQr unified in a single computation step fixr incrementation. This will be 
described wiflimore detail in the following: 
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Iteralive implemmtalion for phase imbalance 

In tbe foUowijag, 4 (^)« 9c (^) ^ ^ phase cx>iiq)eiisaled reodved in-phase components and 
quadrature components. 

5 1) At an instant the foUowingemxr function is computed: 

2) ^Ehen,- fixe fbUovdng'equalion is used to obtain a filtered integrated e^qpiession for the em>r: 

10 

= € + p • € 

where the parameter p is chosen by matching convergence speed and stahiHly. 

15 3) Then, the next (subsequent) (n + 1), (n + 1) is computed fipom the next 
iin + 1), q(ji + 1) received samples as follows: 

i^(/i+l) = i(«+l) 

^ ^ (n + 1) = ^ (n + 1) + iin + 1) • 

20 Then, the method returns iteradvely to step 1). It has to be noted that the final value for Cf 
lepresoat the estonated sinus of the phase imbalance multiplied for the ^dn fdc\m k. 

Feedback scheme for gain imbalance 

Fig. 3 shows a device for gain conq>ensation with a feedback scheme. 

25 

The signal i; on the line 1 8 is provided to means 30 for taldng flie quadrature or square via line 
7. The output signal of the means 30 for taking the quadrature is filtered by means of a low 
pass 31 and then provided to means for subtracting 32 such as a subtractor. This signal is 
designated as signal A in Fig. 3. 

30 

Tbe signal qp on the line 19 is provided to rneaiis 9 for taldng the quadrature or square 
6. The output signal of tiie means 13 for taking the quadrature is filtered by means of a low 
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passSl and then provided to &e means fiwsublisua^ 

B in Kg. 3. The means for sd)tracling 32 are con%jied 

pass 31 is siAlracted fixjm the output agpal of the tow pass wM 

Fig. 3. 

The device depicted in Rg. 3 operates as follows: The received input is demodulated, and 
then gain compf^s^^t*^ ^ tTip. fach itErgli<m <rf fee loop. The ^in compensated componeots 
are squared, filtered and subtracted to build an ecrar function whidi is integrated and Ihrai 
provided to flie ^in coiiq)CTisation block 17, to be processed together with die incoming 



10 signal 



The equatbns that give a iali(HuiIe of flie iDfiftod are the foUo^^^ 
Stacttng from the equations: 



<I'Q> 



= sn((p) 



15 



wheidn X can be defined as follows: 



(14) 



20 



wMdbLbec(83aes: 




(15) 



25 



and 
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5,=l-0.5.jc=|i- 



(16) 



whero the f ollowmg {^pmimalion has be^ 



x=ki +k2 = 2'ki 



5 



The gain CQm|)eDsated cocapoaaats sas obtained as follows: 



9c=Q8 



(17) 



10 Note that the dedvadon is based on aa s^^oximation becoming more piedse with a 

decreasing difference between and ^2 under the condition fiiat it is lealised in the next 
iterations of flie loop. 

A further simpMcadon is obtained by considering: 



for applying the method In fact, this last expression is zero for gain balanced components, and 
does not involve the ratio opei:alion which can present some problems in the presence of 
20 noise. 

Iteacattve implementation for gain imbalance estimation and compmsation 
An even more effident way to perform the low pass fiUedng and the int^ration operation is 
represented by the following steps in accordance with an exemplary embodiment of the 
25 present iavention: 



15 



= — ^2 (un-nOTmalised e^qxression for the error) 



1 ) In an instant n, the following term is computed: 
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2) Then, flie following equation is used to obtain a filtered integrated ejqxression for the eaon 
where the parametea: p isdiosenby matdiingconveigencespeedands^^ 
5 3) Then, the gain g cab be derived as follows (k is a ^ven constant): 

4) The confuted gain is then a]^]ied to the next 1 and q sairq)les: 

10 

i,(n+l) = i(n+l) 
^,(n+l) = 4(n+l)-^ 

5) Ilien,flie method iteratively restarts ficomste^ 1) 

15 Note the final value of g will lepresait the estimated value for flie gain- Advantagpoudy , this 
iteiative method is valid in presmce of a phase imbalance and in absence of phase inibalance. 

Phafi<* atiH ff ain imhfllance: feedbacMterative metiiod. 

The„twi) .loopsj«presOTted mj^^ ^4.3 can be serially conc atenated to obtain 

20 simultaneous compensation of fdiase and gain. In particular, the output of the loop represented 
in figure 2 can be the ii^mt of tiae loop i?q?iesmted in figu^ 

compensated botii in phase and in gain. This is a consequence of the feet that in the equations 
(10) phase and gain irnbalances ate independent Also, if this indep^idence does not apply in 
the case in which urhnonnalised expressions are used for the errors to reduce complexity, it 
25 can still be shown that tibe serial concatenation of tiie loqps operates very effidrafly. In feet, in 
tins last case, the residual idbiase imbalance i^^ 

next itearation of the loc^s, but this influmce becomes zero when the phase error becomes 
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Z0X) . Accordingly, the cotrpling created by using the un-nomialised forms for the enors 
creates a reciprocal infhimce in tmns of conv^:gence speed, but does not affect fte 
convagence itself. 

5 Figs. 11 and 12 dqdcti:esultsacMeved^& two concatenated ite^ 
phase and the gain are simultaneously cocq)eQsated 

As will be shown in the following, the above iterative approach based on un- nomialised errors 
allows for a very effidait and more ^neral estimation and/or conq)&aisation of gain4)hase 
10 imbalances. In fact, starting from the following equations: 



As can be seen from these equations (19), tfie first one holds true if one of ttie two phase and 
gain imbalanced components is n^ultqplied with an arbitrary factor. AJiso, <IQ> gives an error 
20 that is zero only if the phase iiubalance is zero. Qa the other hand, in absence of phase 
imbalance, the second equation is zearo, if and only x& 



(18) 



Q--k^ - i • sin 9 + ^2? '^oscp 



15 inwhidifc3 isusedforfhepart of i injected on the q branch, it can be shown that 



<I Q>^kJc^m(ip)<i^ > 

<I^ >-<Q^ >=< > (k^ - k^sen^ip) - k^q^ cos <p 



(19) 
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</*>-<e'>=«i'>fc'-<«^>fc2) = 0. (20) 



In this way, a cascade scheme can be designed, in which the equation for the phase is applied 
on phase unbalanced con4)onents as given in equation (11). The ou^ut of this first loop feeds 
5 a second loop, which s^jplies the procedure given in equations (12) and (13) to estimate and 
conq)ensate for the gain imbalance. This sch^tne will compensate both phase and gain 
imbalance in a computational effective way whraever they can be expressed in the fijnn givai 
by the equations (18). 

10 Fig, 4 shows components of a UMTS receiver. There is a radio frequency (rf) demodulator 

40 which output signal is input to an converter 41, The output of A/D converter 41 is 
input to an RRC fflter 42 wMch is connected to a do wn sampler 43. From the do^ 

43, the signal is output to a furflier processing. The lines 44, 45 and 46 indicate positions 
within the UMTS receiver, where the above methods for phase and/OT gain imbalance 
15 estimation and/or compensation may be applied. As can be seen from Fig. 4, phase and/or 
gain imbalance estimation and/or con5)ensation may be applied between tiie A/D converter 

41 and the RRC filter 42, i.e, before flie RRC filter 42, between flie RRC filter 42 aad flie 

- : ..down sanquler 43^ ie.-bQfore.aie dovjn^ after.the doym.sanq)ler 43 -before the 

finiher processmg. Therefore, according to flae present invention, a great degree of fiteedom is 
20 provided far the desiga of areceiver according to the present invention. 



Performance of the inventive method and device 

Rgs. 5-7 show a ratio betwera flie estimation enor and flie true value for filteacs of diflGerent 
lengfti as resulting ft<Mn a aumilatio^ 
25 ftom ttie standard specifications. The phase imbalance enxxr reaching fitom 0 to 5 degrees and 
ttielengfliof flielowpass2inRg. 1 are represented in the X,Y axes. The unit for flie lengfli 
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of the low pass filter is 1 pilot qmobol^ie. 256 

1 is always assumed to be 256 chips. The Z-value E i^iesoits the square root of the 
variance of flie estimated vahie of flie actual imhalance. It is reJated tn the mftan Tnagmt^iff^. pf 
the lesidual phase error after compensatioa 



Iq Rg. 5, the conditions considered correspond to 4 paths, a velocity of 3 km/h and loix/loc = 



In Fig, 6, the conditions considered correspond to 4 paths, a velocity of 120 kni/h and 
10 loix/loc = -3dB. 

In Hg. 7, the conditions considered correspond to 4 paths, a velodly of 250 km/h and 
lorx/loc = -3 dB. 

15 All three simulations show very good results f or E for a filter length of low pass filter 2 in Rg. 
1 of more than 50 pilot symbols or a phase error of more than 2 degrees, 

Fig. 8 shows the effect of the phase inobalance on &eBER (Bit-EororRate) in acasein wMch 
AWGN propagation conditions (Additive "White Gaussian Noise) are considered and no 
20 other losses are included Between 0 and 4 degrees the BER increases rather slowly, Rom 4 
to 7 degrees, the increase of the BER is moderate and fix)m 7 to 10 degrees, the BER 
increases fast As can be seen in the range 0-5 degrees, the phase imbalance can imply an 
increase in the BER of about 60%. 



5 



-3 dB. 



25 



Eig. 9 shows the perfomutnce whidbt can be achieved in typical conditions. Ihe phase error 
decreases exponentially with the integration Imgfh. By choosing an integration lengfti of 16 x 
256 chips, corresponding to 16 pilot symbols, the phase error is reduced in mean of the 90%. 
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iqg. 10 db.ows results KMed to a case in which the phase w 
Hz. This case is used to give a repcesentalion of the irac^^ 

conditions conadeted coneq>ond to 4 paths and a vdodly of 120 knoAL The efifect of the 
noise is included, inter-cdls interference at + 3 dB wifit respect to the desired signaL The 
5 int^ntfionperibd is 16 slots and the mean square enx» achieve 

enor of 5 degrees. 

Kgs. 11 and 12 show the petfixmiances of the iterative procedure i^lied whrai both phase 
and gain imbalance are present Rg. 11 shows an estimated phase with speed =3 Ism/h and 3 
10 equivalent paths in the iterative J5)plication of the mefliod at the location indicated with aifow 
44 in Kg. 4. The initial conditioii for Regain imbalance is 0.8 and 5 degrees for the phase. 
Tbe tenn fcj m the equations (18) is equal to 0.5. 

Kgure 1 diows fte em)r for the gain wifli speed =^3 km/h and 3 equivalent pate 
15 iterative application of the method at the location indicated with arrow 44 in Fig. 4.1116 initial 
condition for the ^in imbalance is 0.8 and 5 degrees for the phase. The temi in the 
equations (18) is equal to 0.5 

As can be taken fiom Rgs. 11 and 12, after proximately 300 pilot symbols, ie. 2 fiames 

20 corre^onding to an intenral of 20 msec, errors of 5 degrees in phase and 0^8 m gainare 

reduced to about 0.02 degrees for the phase and 0.01 for the gain. 

The mefliod and device of the present invention is particcilaify wdl suited for UMTS/WCDMA, 
whate a conq)lex scranibling code is used to modulate flie information symbols. However, ftie 
25 methodanddeviceoffliepresentinvrationniay also bepUedforany transmission wiflxQPSK 

modulation, a modulation scheme based on a complex scrambling code and a fiequency 
sdecfivity of flie chamid wifli respect to ttansomsaon bandwidfli. 
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The device accoiding to the present invention may be designed by means of EHLDs , such as the 
Altera H*LDs or by means of suitable calculation devices. The melhods of the present invmlion 
m^ be implemented as software program code in a suitable programming language such as C-H- 
and stored on a suitable computer readable storage device such as a compact disc. 
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CLAIMS 



1 . Receiver for estimalion or compaosation of phase imbalance or gain imbalance, the receiver 
utilizang a QPSK modulation and a modulalion sdasxn& based on a conq)lex scacambling code» 
the receiver comprising means for estimating the phase imbalance or gain imbalance before 
synchronisadoa. 

5 

2. Receiver according tx> claim 1, wherein the means for estimating the phase imbalance or 
gfrin imhfllancft hftfore synchmmsation comprises 

means for gloating at least one fucst ratio sdectedfiom the grorqp consistiiig of a 

second ratio, a third ratio and a f ourfli ratio ; 
10 wherein second first ratio is a ratio between a cross correlation of I and Q 

components (<I,Q>) of an incoming 1/Q modvilated signal and a mean value of a square of the 

I conqponent (<F>); 

wherdn the third ratio is aratio betweai the cross correlation of tiie I and Q 

components and a square root of a product between a mean value of the square of the I 
15 component and a mean value of a square of the Q component ((<P><Q^?>)^); and 

wherein the f ourfli ratio is' a ratio betweeri the mean A^ue of the equate of the Q component 

(<(^>) and the mean value of the square of the I (<P>) component 

3 . Receiver according to claim 1 , whi^iein the means for estimating the phase imbalance or 
20 gain inibalance bdfore synchronisation conqnises a low pass for low pass filtering the ^gnals. 
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4. Receiver accordiiig to daim 1, furliifir coixqnismg means for coxsoj^eosating the pihase 
itnhalaric ft nr gain imhalance hefom synchronisatioa based on at least one first latLo selected 
from the groi^ consisling of a second ratio, a tbdrd ratio and a fourth ratio; 



components (<I,Q>) of an incoming UQ modulated signal and a mean value of a square of the 
I con5)onent (<F>); 

wherein the tiiird ratio is a ratio between the cross correlation of the I and Q 
components and a square root of a product between a mean value of ftie square of the I 
10 component and a mean value of a square of the Q component ((<F><Q^>)^); and 

wherein the fourth ratio is aratio between the mean value of the square of the Q component 
(<Q^>) and the mean value of the square of the I (<F>) component 

5. Receiver accordiiig to claim 1 , wherein the recdver is a WCDMA (UMTS) receiver and 
15 wherein a feed-forward scheme or a feed-back scheme is established in the receiver. 

6. Receivear according to claim 1, wherein the estimation of the phase imbalance or gain 
imbalance is carded out it^tively. 

20 7. Metihod for estimation or compensation of phase imbalance or gain imbalance in a receiver 
utilizing a QPSK modulation and a modulation schane based on a con^lex: soambling code, 
the demodulation method comprising die st^ o£ 

estintiating the phase inobalance or gain imbalance before syncbrordsatioru 



5 



wherein second first ratio is a ratio betwem a cross correlation of I and Q 



25 
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8. Method accordiiig to clam 

detemiiiiing at least one first ratio selected ftom flie group consistmg of a second 
ration, a third ratio and a fDurOi ratio ; 

wherein second first ratio is a ratio between a cross correlation of I and Q 
components (<I,Q>) of an incoming VQ modulated signal and a mean value of a square of the 
I con^onent (<F>); 

wherab the third ratio is aratio between the cross correlation of the I and Q 
components and a square root of a product between a mean value of the square of the I 
component and a mean value of a square of the Q component ((<F><Q2>)^); and 

wheran the f ourflhi ratio is a ratio between the mean value of the square of the Q 
coirponent (<Q^>) and the mean value of the square of the I (<P>) component 

9, Method according to claim 7, further con^ffi^ con5)CTsating the phase 
imbalance or gain imbalance on Ihe basis of flie at least one first ratio such that a feed-forward 
scheme or a feed-back scheme is established. 

10. Method according to claim 7, wherein the estimation of the phase imbalance or gain 
imbalance is carded out iteratively. 



11. Goinputer program for estimation or con^msation of phase imbalance or gain imbalance 
in a lecdver utilizing a QPSK modulation and amodulation schatne based on complex 
scrambling code, the computer program comprising the step of: 
estimatiiig the phase inobalance or gain imbalance before synchronisation. 
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12. Method of iteratively coinpensaling a phase imbalance or gain inibalance in a receiver, the 
receiver utilizing a QFSK modulation and a modulation scheme based on a conopleK 
scrambling code» conopdsing the steps of: 



5 phase componmts and quadrature components of a revived I/Q modulated signal; 

b) filtering flie error fiinction; 

c) integrating the filtered error function; 

d) detemiiidng a modified eccor function by adding the integrated and filtered mor 
function to a product of the integrated and filtered error function and a parameter based on 

10 speed and stability; 

e) determining a corrected oulput signal of tiie VQ components of the received CTgnal 
on the basis of subsequent samples of phase compensated ia-phase con:q)onents and 
quadrature conq>onaits of the received VQ modulated signal ajid the ino(^^ 

and 

15 f) returning to step a), 

13. Method of iteratively con:5)ensating a phase imbalance or gain imbalance in a receiver, the 
receiver utilizing a QPSK modulation and a modulation scheme based on a conq>le?e 
scrambling code, comprising tiie steps of: 
20 a) detenxdning an error function on the basis of squared samples of phase 

con[q)ensated in-phase coiiqK)nents and quadrature conaqponents of a received VQ modulated 
signal; 



function to a product of tiie integrated and filtered error function and a parameter based on 
speed and stability; 



a) determining an emsr function on tiie basis of sanq^les of phase compensated in- 



b) filtering tiie error function; 

c) integrating the filtered error function; 

deternoining a modified eoxsr function by adding tise int^^ 
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e) detemiiniiig a gain on the ba^ of aproduct of the motMed earor ftinction and a 

factor, 

f) detennining a canected output signal of flie I/Q conqwnmts of the received signal 
on the baas of subsequrat samples of phase compensated in-phase componrats and 
quadrature components of the received I/Q modulated signal and the gain; and 

^ letuming to stq> a). 
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ABSflRACT 

Pttase/gain imbalance estiDJatioii or conqjrasatKMi 

The present invention relates to a recdver for estimation or con?)ensation of phase imbalance 
or gain imbalance utilizing a QPSK modviMon and a modulation scheme based on a complex 
5 scramblirig code. According to flie present invention the phase inibal^ 

estimated or con5)ensatBd beftoe ^yndironisation. Thus, the phase imbalance and gain 
imbalance win not be able to inHoduoe losses in the fiirflier phases of flie comection. 
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